I. Introduction
Water bodies could harbour varieties of animal species that serve as important food nutrient sources to man. Fish is one of the important sources of the macro-nutrients -oils / lipids rich in essential fatty acids [1] . Fatty acids can exist as nonesterified free fatty acids (minor portion) in circulating plasma lipids or tissue stores which are sensitive to physiological energy demands [2] . However esterified fatty acids are integral part of most lipids. Natural fatty acids have 14 to 22 carbon length (including the carboxylic acid carbon), and only those with even numbers occur naturally in mammals. They are grouped according to the absence or presence of double bonds in their chains -the saturated (SFA), monounsaturated (MUFA) and the polyunsaturated (PUFA) fatty acids [2] .
Fish lipids are derived from the tissues of oily fish (particularly the fish muscle) and contain essential fatty acids such as the omega-3 (w-3or n-3) fatty acids -α-linolenic acid (ALA) or octadecatrienoic acid obtainable from plant oil, eicosapentaenoic acid (EPA) and decosahexaenoic acid (DHA) known to be beneficial for health [2] . Other essential fatty acid components are the members of omega-6 (w-6 or n-6) fatty acids, linoleic acid (9, 12,-octadecadienoic acid) and arachidonic acid (5,8,11,14-eicosatetraenoic acid) . These long chain n-3 and n-6 PUFAs (polyunsaturated fatty acids) are termed essential as they cannot be synthesized by man and so must be supplied by the diet. When consumed, they regulate prostaglandin synthesis and hence induce wound healing [3] . Such essential fatty acids function as anti-inflammatory agents and have been found beneficial in the prevention and management of cardiovascular diseases [4, 5] . They had also been shown to have positive effects, not only in the treatment of cardiovascular diseases but of certain cancers [6] .
Cholesterol is a waxy fat-like substance that is present in all animals but not in plant. It is not soluble in blood and so has to be carried in the bloodstream by molecules called lipoproteins [2] . Lipoproteins are named based on their density. The high density lipoprotein (HDL) is 'good' and transports cholesterol to the liver for further processing. Low density lipoprotein is 'bad' fat and when oxidized gets deposited in the walls of arteries contributing to arteriosclerosis [7] . The former is so named because it is known to contain less cholesterol and more phospholipids and apoproteins than the later. HDL is present in higher amount in fish lipids, whereas the LDL is more abundant in other animal fats and contains more of the saturated fatty acids (SFA). It had been established that the total cholesterol and LDL cholesterol are the major dietary contributors to artherosclerosis and the consequent coronary heart diseases (CHD) [2] . Contrarily, HDL cholesterol concentration showed protection against CHD [2] . However cholesterol is an important constituent of membranes and a precursor molecule for the synthesis of vitamin D and the steroid hormones including adrenal glands cortisol and aldosterone, the sex hormones, estrogens, testosterone and their derivatives. Although cholesterol is mostly supplied by consumption of animal rich foods, it is also endogenously synthesized, with about 90% of its synthesis occurring in the liver and intestine. In the liver it is converted to bile acids and bile salts necessary for solubilization of fats into mixed micells in the digestive tract, thereby aiding intestinal digestion and absorption of fat molecules as well as the fat soluble vitamins A, D, E, and K. Fishes categorized as High fat fishes can raise 'good' cholesterol (HDL) levels [9] . Therefore intake of different classes of lipids must be balanced in order to maintain good health.
Some important fish species accounting for Bayelsa's fishery are those belonging to Animalia chordate of the class Actnopterygii and include Oreochromus niloticus of the family of Cichlidae, (also known as Nile tilapia); Clarias gariepinus of Claridae (African sharp tooth cat fish); Synodontis budgetti, Mochokidae (upsidedown catfish) which is a component of local commercial fishes; and Mormyrops deliciosus (Conish jack) demersal species of tropical freshwater habitats [9] .Presently there has been a move for the expansion of aquaculture in Nigeria especially the culture of African catfish, C. gariepinus due to its characteristics such as tolerance to a wide range of temperatures, fast growth, adaptation to disease environment as well as to low oxygen and high salinity levels [9] . This move is informed by the relative increase in the development of cardiovascular related diseases coupled with the deficit of PUFA in human diet [9] . The increased awareness of health benefits of eating fish was reported to have raised the estimated fish demand in Nigeria to 1.80 million tons [10] . That estimation was then based on a population of 120 million people and per capita global consumption of 15kg, the later which was well above Nigerians' average [11] . The current estimation of fish consumption in Nigeria may not have changed much as it is based on a population of 170million with an annual consumption of 7.5 to 9Kg per person [11] .
The successful implementation of aquacultures which shall adequately augment the demand for fish by any country with the aim of meeting the health /nutritional needs of its people require adequate base-line information on the pre-existing nutritional indicators / components in the fishes being targeted. Such studies no doubt provide the necessary information required for feed modification (for example where it is required to increase n-3 / n-6 PUFA ) of cultures that form part of our diet -an important approach for increasing the consumption of the targeted nutrient(s) in our foods. The present study therefore presents and compares the fatty acid, cholesterol, HDL and LDL components of commonly consumed fishes in Bayelsa State. These data would find application not just for industrial feed and culture development in fisheries but for individual nutritional information as well as dietary recommendations / management by Clinicians and Dieticians.
II. Methods

Sample Preparation
Freshly captured fishes Clarias gariepinus, Synodontis Budgetti, Oreochromis niloticus and Mormyrops deliciosus, obtained from Bayelsa water bodies and Ikorodu river in Lagos state, were sorted and identified by an expert in the Department of fisheries, Niger Delta University. Fish samples were obtained between the months of April and May 2015. The fishes were weighed, decapitated, eviscerated, cleaned and held in polyethylene packing (in N 2 atmosphere) prior to freezing at -22 0 C. At the beginning of each analysis the samples were allowed to equilibrate to room temperature, triturated and homogenized before extraction.
Lipid Extraction
Soxhlet extraction of fish lipids was carried out according to the method of AOAC [12] . In this method 250ml capacity extracting flask was dried in the oven at 60 o C, then transferred to the desiccator to cool to the laboratory temperature before the weight of the flask was measured. About 2.5g of the sample was weighed into the labeled porous thimble, while 200ml of the petroleum ether was measured into the dried 250ml capacity flask. The covered porous thimble with the sample was placed in the condenser of the apparatus and extracted for five (5) hours. At the end of extraction the flask with the oil was oven dried at 60 o C for one (1) hour to get rid of the moisture and then cooled in a desiccator before weighing. The results (means ± standard deviation) were calculated as the weight percentage.
Fatty Acid Analysis
The fatty acids were analyzed as their methyl esters with a gas chromatography HP 6890 Powered with HP ChemStation Rev. A 09.01 [1206] Software.Upto 50mg of the extracted fat content of the sample was saponified for five (5) minutes at 90 o C with 3.4ml of the 0.5M KOH in dry methanol. The mixture was neutralized using 0.7 HCL, after which 3ml of 14% boron triflouride in methanol was added and heated for 5minutes at 90 o C to achieve complete methylation process. The Fatty Acid Methyl Esters were thrice extracted from the mixture with redistilled n-hexane. The content was concentrated to 1ml for gas chromatographic analysis. Separation was carried out in a capillary column (30m × 0.25mm id x 0.25µm of DB wax). The oven o C respectively. Hydrogen pressure and compressed air were 22 and 35 (psi), in that order. The total running time was 10minutes. Nitrogen was the carrier gas, while the injection volume was 1µl. FAME identification was made by comparison with the retention times of the known standards, 37 component FAME mixture (Supelco).
Determination of low density lipoprotein and high density lipoprotein-Cholesterol
The phytosterol extraction and analysis were carried out by the modified method of AOAC 994.10 and AOAC 970.51 Official methods [12] .About 0.5g of the extract from the sample was added to the screw-capped test tube and saponified at 95 0 C for 30 minutes by using 3ml of 10% KOH in ethanol to which 0.20ml of benzene had been added to ensure miscibility. Into the mixture were added 3ml of de-ionised water and 2ml of hexane to extract the non-saponifiable materials. Three extractions, lasting for 1 hour, 30 minutes and 39minutes each with 2ml of hexane were carried out in order to achieve complete extraction of the sterols. The extract was concentrated to 2ml in Agilent vial for gas chromatographic analysis.
III. Results
The Table 6 ). Cholesterol levels in ON and SB (Lagos river) were significantly different from those obtained from counterpart locations (p < 0.05). The values of HDL and LDL determined were seen to follow the same decreasing order as those of cholesterol levels, (Table 6 ).
IV. Discussion
The fish species studied belong to High fat fish (> 8%) category, going by the classification of Ackman . [13] . The lower side of the lipid range (0.00 to 27.456%) is in line with some literature report [14, 15] . Apart from the issues of seasonal variations between dry and rainy seasons which are known to affect fat content of fishes, spawning activities can use-up the fat reserves and give very low fat levels [16, 17] . Other causes of variation in fat content are (as already mentioned) attributed to geographical differences and particularly the feed-type [18, 19, 20] . Cholesterol levels determined were consistent with the report of Mendez et al [21] but lower than those of Jeyasanta and Patterson, [22] and Javitt, [23] . Of the total cholesterol determined, HDL values were higher than their corresponding LDL levels and of which was also in consonant with literature report [24] . However it was observed that the presence of trans fatty acids could have a lowering effect on the body's HDL cholesterol -an effect which underscores the need to keep the level of the former low (not to rise above % of total energy intake), if the HDL level should be maintained [25] .
The levels of PUFA determined from fishes in LR, AR & TR were similar; but were all higher than that from SR'. The species C. gariepinus was the major contributor of PUFA in each study location, thereby confirming the fact that species differences is one of the major factors in nutrient accumulation [22, 26] . The present study therefore support the production of aquaculture of C G. Prominent PUFAs in fishes in LR were C20:4, C20:5 and C22:6; while those of AR included, together with the above acids, the C18:2. Fishes from SR and TR featured mostly the C18:3, C20:3; and C18:2, C20:3, C20:4, C22:2, C20:5, C:22:6 acids respectively, and agreed with literature reports, [1, 27] .
Still among the PUFAs, C18:2 (linoleic) was prominent in fishes from TR, AR & LR. The C18:3(linolenic) was more prominent in SR fishes. Both acids are vital for growth and development and therefore must be provided in the diet since the body cannot synthesize them. With them available, the body can [28] , our determinations show that freshwater fishes can also serve as good sources of omega-3 essential fatty acids.
Chief among the n-3 sources are fishes from LR, AR and TR. The work of Justi et al [1] showed that fatty acid composition of freshwater fish was characterized by linoleic (C18:2n-6), a-linolenic (C18:3n-3) and EPA (C20:5n-3). The present determination showed that the n-6 PUFA compositions were mainly linoleic (C18:2) and arachidonic (AA, C20:4n-6) acids; while the n-3 PUFAs were found mostly to be C20:5 (cis-5,8,11,14,17) (or EPA) and C22:6n-6 (or DHA) and on the average higher than some reported in literature [1, 29] . Among the Study Rivers, fishes from LR and AR showed higher values of EPA and DHA than those of SR and TR. The n-6 / n-3 ratios were lower than unitary and therefore below the maximum recommendation of 4.0 in the above cited literature. Judging by recent literature publications that ratio is in consonant with good health [25] . According to those reports, high n-6/ n-3 fatty acid ratio is associated with an increased risk of colorectal, prostate and breast cancers. Since a risk associated with n-6 has not been demonstrated, it was concluded that a low n-3 PUFA intake is responsible for that observation. Thus an absolute amount of EPA and DHA intake (of about 500mg/day) was recommended rather than the ratio. The PUFA / SFA ratios obtained (ranging from 0.489 -1.838) were found to be higher than the minimum (0.45) recommendation [25] , showing that the fishes contained reasonable PUFA levels which was deemed beneficial to health. However high content of PUFA means higher degree of unsaturation of fatty acids and increased susceptibility to lipid oxidation. This means the fishes might be less suitability for local processing methods such as smoking, frying, and sun-drying when compared to those with lower PUFA levels. Therefore high fat fishes (as in the present case) require longer periods of processing under controlled temperature as used in cold technique (45 -60 0 C). Another adverse effect of high PUFA level could be the need for use of high amount of hydrogen during hydrogenation processes. Apart from the afore mentioned constraints, the present fish species (especially CG) can serve as good sources of PUFAs which are nutritionally beneficial to health, and organoleptically acceptable since they are linked with product flavor enhancement [28] . Although these fishes are good sources of EFA, at the present level of per capita fish consumption in Nigeria they are unlikely to meet the recommended daily intake of EFA (0.5 -1g/day) given in literatures [25, 31] .
V. Conclusion
The fishes studied belong to High Fat Fish category. The fat accumulation was related to species type, nature of feed and hence geographical location. Cholesterol was the prominent fat followed by HDL and LDL in that order. Lower levels were determined from the study areas in Bayelsa State than in Ikorodu (Lagos State). The fish, C. gariepinus seemed more nutritionally promising in terms of essential fatty acid (EFA) content. It is therefore recommended for culture production as it contained reasonable levels of EFA and showed higher values of total PUFA when compared to the other fish types in the habitats studied. The PUFA / SFA ratios determined were higher than the minimum literature recommendation. All fish types in the studied freshwater bodies contained low levels of linoleic acid but high values of linolenic acid. On the other hand, freshwater rivers in Lagos (Ikorodu) and Amassoma presented the best sources for % composition of n-3 (EPA and DHA) and n-6 of total PUFAs; while those of Swali and Tombia had the least levels. The present study has therefore provided good sources of fish oils rich in essential polyunsaturated fatty acids particularly EPA, DHA and the n-6 PUFA -eicosatetraenoic acid (arachidonic acid). Increased fish production in Amassoma and Lagos areas in Nigeria is recommended so as to provide more EFAs needed for good health. Studies of this type form an important base-line study for further development and processing in fish cultures with the goal of production and supply of the essential nutritional factors that should meet the health needs of humans. They also provide nutritional information for individual's choices and institutional dietary recommendation. 
